We performed 83 consecutive cemented revision total hip arthroplasties in 77 patients between 1977 and 1983 using improved cementing techniques. One patient (two hips) was lost to follow-up. The remaining 76 patients (81 hips) had an average age at revision of 63.7 years (23 to 89).
The prevalence of loosening and rerevision and the complications reported in revision total hip arthroplasty (THA) with first-generation cementing techniques were not encouraging. [1] [2] [3] [4] [5] [6] [7] [8] In the late 1970s surgeons became more experienced, 2 and newer cementing techniques were introduced. [9] [10] [11] Better materials became available and improved criteria for the cemented fixation of femoral components were established. Techniques introduced during the 1970s included the use of an intramedullary plug and gun delivery of the cement. [9] [10] [11] Several authors have reported improved results on the femoral side in both primary THA, 9,11-14 and more recently in revision surgery. [15] [16] [17] [18] Our aim was to evaluate the results of cemented revision THA using improved cementing techniques and after experience had been gained in performing the revision procedure.
PATIENTS AND METHODS
Between 1977 and 1983 the senior author (RCJ) performed 83 consecutive cemented revisions for aseptic failure of a previous cemented THA in 77 patients. Both components were revised in 71 hips, only the femoral in 8, and only the acetabular component in four. One patient (two hips) was lost to follow-up during the minimum ten-year follow-up period.
The average age of the 77 patients at the time of revision was 63.7 years (23 to 89). In the whole series, there were 36 men (38 hips) and 41 women (45 hips). The right hip was revised in 43 and the left in 40 cases. The reason for revision was aseptic loosening in 56 hips, recurrent dislocation in 16, and fracture of the femoral component in 11. At the time of revision 35 patients were Charnley class A, 29 Charnley class B, and 13 Charnley class C. The index revision was the first revision in 75 hips, the second in seven and third in one. In the 77 hips in which the femoral component was revised, the Iowa femoral component with a 28 mm head (Zimmer, Warsaw, Indiana) was used in 39, the Charnley femoral component with a 22.25 mm head (Zimmer, Warsaw, Indiana) in 34, and a Richards 32 mm head (Richards, Memphis, Tennessee) in 4. All femoral and acetabular components were cemented.
Excluding the one patient lost to follow-up 43 patients (47 hips) were living and 33 (34 hips) had died. Of the living patients, 39 (43 hips) had minimum ten-year radiographs; another four completed a standard questionnaire but refused to have radiography. In addition, seven of the deceased patients had a minimum ten-year radiograph. Minimum ten-year radiological follow-up was therefore available for 50 hips with a mean of 11.9 years (10 to 16). The clinical outcome of the 43 living patients was obtained using a standard system of terminology for reporting results. 19 The quality of femoral bone at the time of revision was assessed on prerevision radiographs. Type-A bone contained no structural defects or up to 1 cm of metaphyseal endosteal bone loss, type-B was defined as loss of metaphyseal endosteal bone of up to 3 cm, and type-C as endosteal bone loss greater than 3 cm or a segmental loss of cortex. Cementing quality was evaluated on postoperative radiographs using the criteria of Barrack et al. 12 A grade-A result was complete filling of the intramedullary canal with cement, grade B was up to 49% radiolucency at the cement-bone interface, grade C radiolucency of 50% to 99% or an incomplete cement mantle at some point along the prosthesis, and grade D was 100% radiolucency at the cement-bone interface or failure to fill the distal canal with cement.
Loosening of the acetabular component was classified according to a modification of the criteria of Harris et al. 13 Migration of the component was defined as a vertical or horizontal movement of the cup (of at least 5 mm) using a horizontal and vertical line drawn through the teardrop, as described by Massin, Schault and Engh. 21 The quality of acetabular bone was also assessed on the pre-index revision radiographs. In type A, the medial wall of the acetabulum was intact and there were at least 2 cm of bone between the superior acetabulum and the inferior aspect of the sacroiliac joint. In type B, the medial wall was intact and there was between 1 cm and 2 cm of bone between the superior acetabulum and the sacroiliac joint. Type C had less than 1 cm of bone between the superior acetabulum and the sacroiliac joint, or loss of some of the medial wall. The acetabular cement was recorded as grade A when there was no lucency at the cement-bone interface other than in DeLee and Charnley zone 1. 22 Grade B was cement-bone lucency in any other zone and grade C was complete circumferential cement-bone lucency. Heterotopic ossification was graded using the criteria of Brooker et al 23 
RESULTS
At the time of review, 18 hips (22%) had been reoperated on, two for sepsis, three for dislocation, and 13 (16%) for aseptic loosening. All of these 18 hips were in the minimum ten-year clinical and radiological follow-up groups (Table I) . Of the 13 hips revised for aseptic loosening nine had operations for acetabular loosening, two for femoral, and two for loosening of both components. Of all 81 hips, 63 (78%) were functioning at the latest follow-up, 14 (17%) had required one additional revision and four (5%) had needed two additional revisions (Table II) . Two hips, which had become infected after the index revision, had been converted to Girdlestone pseudarthroses. Of the 50 (2) and dislocation (3) and those in which the femoral component was retained at index revision (3) † two rerevised for fractured femoral components hips reviewed after ten years, 32 (64%) were functioning with their index revision, 14 (28%) had required one rerevision and 4 (8%) had required two rerevisions (Table I) . Of all 81 hips, 21 (25.9%) had a dislocation after the index revision. Of the 65 hips revised for causes other than dislocation, 13 (20%) had at least one dislocation and one required a further revision for recurrent dislocation. Most of the dislocations occurred soon after operation and were not recurrent. The high rate may be related to the extensive total capsulectomy performed by the senior author.
At ten-year follow-up of the 43 living patients, one was a heavy manual labourer, six (14%) performed moderate manual labour, and 17 (39.5%) light work. Eight (18.6%) were semi-sedentary, six (14.0%) were sedentary and five (11.6%) bedridden, all for other reasons. Ten patients had no pain, 11 mild pain, 11 moderate pain, and two had severe pain. Eighteen patients walked without support, 10 required the occasional use of a cane and 15 needed the full-time use of supports.
At the final follow-up 14 patients (32.5%) had unlimited walking capacity, five could walk for two to ten minutes, five could walk only indoors, and eight had very limited walking. Of these 43 patients (47 hips), 41 stated that they were satisfied, and that the operation had increased their function and decreased their pain and need for analgesics. One dissatisfied patient, a 70-year-old woman, had a revision 12 years earlier for dislocation, and continued to have moderate to severe pain with no recurrence of dislocation or evidence of loosening on radiographs. The second was an 87-year-old woman revised for dislocation 15 years earlier. She had no further dislocations but was unhappy with a leg-length discrepancy of 5 cm caused by a previous congenital problem. Radiological findings. The incidence of acetabular and femoral loosening for all hips and those with a minimum ten-year radiological follow-up is given in Table III . Acetabular loosening was two to three times more common than femoral loosening. In addition to the data given in Tables III to VII, 14 hips (35%) at the ten-year follow-up had possible acetabular loosening and ten (23.8%) had possible femoral loosening. For all 81 hips reviewed, 15 had possible acetabular loosening and 12 (14.8%) had possible femoral loosening. Kaplan-Meier survivorship analysis shows a survivorship of 81 ± 5% at ten years using rerevision for any reason as an endpoint. Using rerevision for aseptic acetabular or femoral loosening only, the tenyear survivorship was 82 ± 5% or 94 ± 4%, respectively. For rerevision for aseptic acetabular loosening or definite or probable acetabular radiological loosening it was 72 ± 7% and for aseptic femoral or definite or probable femoral radiological loosening it was 91 ± 5%. Trochanteric nonunion occurred in 11 hips (13.6%) and heterotopic ossification of grade I was seen in 10 hips (12.3%), of grade II in 3 (3.7%) and of grade III in two (2.5%).
The quality of femoral bone at the preindex revision in patients with a minimum ten-year follow-up was graded as A in 40 hips, B in 9 hips and C in 1 hip. Bone quality was related to aseptic femoral loosening but not significantly (p > 0.09, chi-squared test with Yates' correction). In the hips followed for at least ten years, femoral cementing had been grade A in 38 hips, B in 11, and C in one. This correlated significantly with aseptic femoral loosening (p < 0.005, chi-squared test with Yates' correction).
The acetabular bone quality before revision in patients with a minimum ten-year follow-up was A in 34 hips, B in 9 and C in 7, and showed no correlation with aseptic acetabular loosening (p > 0.67, Fisher's exact two-tailed test). Of the hips followed for ten years the cement grade at the time of revision was A in 23, B in 21 and C in 6. It did not correlate with aseptic acetabular loosening (p > 0.7, Fisher's exact two-tailed test). 
DISCUSSION
We hypothesised that more experience and better cementing techniques would make cemented revision THA more durable. Our review has shown the technical challenges and complications of revision THA by an experienced surgeon. The complications include sepsis, recurrent dislocation and loosening. Of all 81 hips, only 77% had retained their index revision arthroplasty, and of those with at least ten-year clinical and radiological follow-up only 64% had retained the original revision. The acetabular side showed the worst results, with revision or evidence of acetabular loosening in 65% of hips with a minimum ten-year follow-up.
On the femoral side, the rerevision rate was 5.4% in all 81 and 9.5% in those followed for at least ten years. This is an improvement over the early results reported for hand packing and other early cementing techniques (Table VIII) ; we have confirmed recent reports of better femoral results with improved cementing techniques and more experience (Tables IX and X) . [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] We have now abandoned the use of cement for revision surgery on the acetabulum, but continue to use it for femoral reconstruction, especially in older patients.
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